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(54) LITHIUM SECONDARY BATTERY 

(57)Abstract: 

PURPOSE: To provide a lithium secondary battery having an increased charge/ discharge 
cycle characteristic. 

CONSTITUTION: This lithium secondary battery is provided with a positive electrode wherein 
a lithium-'transition metals' composite oxide is adopted as positive electrode active material, a 
negative electrode, and a nonaqueous electrolyte containing an organic solvent. The lithium- 
'transition metals' composite oxide has the sulfide of B, Na, Mg, Al, Si, K, Ca, Sc, Ti, V, Or, 
Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, Zr, Mb, Ru, Ag, Ta, Bi, In, Mo, or W, and a coating composed 
of selenide or telluride. Since the lithium-'transition metals' composite oxide, having a coating 
composed of specific chalcogenlde on a particle surface, is used as positive electrode active 
material; the decomposition of the organic solvent is difficult to occur on the positive electrode 
side at the time of a charge/discharge cycle. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The positive electrode which uses a lithium-transition-metals multiple oxide as positive active 
material, and a negative electrode, It is a lithium secondary battery equipped with the nonaqueous 
electrolyte containing an organic solvent. Said lithium-transition-metals multiple oxide on a particle 
front face B, Na, Mg, The lithium secondary battery characterized by having the coat which consists of 
aluminum, Si, K, calcium, Sc, Ti, V, Cr, Mn, Fe, Co, nickel, Cu, Zn, Ga, germanium, Zr, Nb, Ru, Ag, 
Ta, Bi, In, Mo or the sulfide of W, a selenide, or a telluride. 

[Claim 2] Said lithium-transition-metals multiple oxide is general formula LiX Niy Coz Ml-y-z Oa 
(among a formula). M B, Na, Mg, aluminum, Si, K, calcium, Sc, Ti, V, Cr, Mn, Fe, Cu, Zn, Ga, 
germanium, Zr, Nb, Ru, Ag, Ta, at least a kind of element chosen from the group which consists of Bi, 
In, Mo, and W, 0< x<L3, 0<=y<=l, 0<=z<=l, 0.5 <=y-i-z<=l, and 1.8<=a<=2.2 - it is - the lithium 
secondary battery according to claim 1 with which it is expressed. 

[Claim 3] Said coat is TiS2 and MoS2. Or lithium secondary battery according to claim 1 which consists 
of such mixture. 

[Claim 4] The lithium secondary battery according to claim 1 whose percentage to said lithium- 
transition-metals multiple oxide of said sulfide, said selenide, or said telluride is 0.1-20-mol %. 



[Translation done.] 
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♦ NOTICES * 

JPO and INPIT are not responsible for any 
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1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to amelioration of the positive active material aiming at 
offering the lithium secondary battery excellent in the charge-and-discharge cycle property in detail with 
respect to a lithium secondary battery. 
[0002] 

[Description of the Prior Art] When a lithium secondary battery does not need to take the decomposition 
voltage of water into consideration and selects positive active material suitably in recent years, it is 
observed from it being possible to attain high-voltage-ization. 

[0003] Since capacity is large as typical positive active material of this kind of cell while it is easily 
producible, lithium-transition-metals multiple oxides, such as LiNi02, LiCo02, and LiMn 204, are 
mainly used. 

[0004] However, there is a problem that it is not that whose charge-and-discharge cycle property is 
extent to which satisfaction goes enough [ yet practically ] in the lithium secondary battery which used 
the lithium-transition-metals multiple oxide as positive active material, this exists in the particle front 
face of a lithium-transition-metals multiple oxide ~ high — it is an activity part and is because 
nonaqueous electrolyte (organic solvent) decomposes. 

[0005] This invention is made in view of this situation, and the place made into the purpose is by 
reducing the activity on the front face of a particle of a lithium-transition-metals multiple oxide to offer 
the lithium secondary battery which controlled and had disassembly of the organic solvent by the side of 
a positive electrode, and was excellent in the charge-and-discharge cycle property. 
[0006] 

[Means for Solving the Problem] The lithium secondary battery (this invention cell) concerning this 
invention for attaining the above-mentioned purpose The positive electrode which uses a lithium- 
transition-metals multiple oxide as positive active material, and a negative electrode. It is a lithium 
secondary battery equipped with the nonaqueous electrolyte containing an organic solvent. Said lithium- 
transition-metals multiple oxide on a particle front face B, Na, Mg, It comes to have the coat which 
consists of aluminum, Si, K, calcium, Sc, Ti, V, Cr, Mn, Fe, Co, nickel, Cu, Zn, Ga, germanium, Zr, Nb, 
Ru, Ag, Ta, Bi, In, Mo or the sulfide of W, a selenide, or a telluride. 

[0007] When obtaining the cell excellent in the charge-and-discharge cycle property especially as the 
above-mentioned coat, they are TiS2 and MoS2. Or especially the coat that consists of such mixture is 
desirable. 

[0008] As a typical thing of the above-mentioned lithium-transition-metals multiple oxide, they are 
LiMn2 04, LiMn02, LiNi02, LiCo02, and LiNiO.5 Co 0.5O2. It is mentioned. When obtaining the 
lithium secondary battery excellent in especially the charge-and-discharge cycle property, it is general 
formula LiX Niy Coz Ml-y-z Oa (among a formula). M B, Na, Mg, aluminum, Si, K, calcium, Sc, Ti, 
V, Cr, Mn, Fe, Cu, Zn, Ga, germanium, Zr, Nb, Ru, Ag, Ta, at least a kind of element chosen from the 
group which consists of Bi, In, Mo, and W, 0< x<1.3, 0<=y<=l, 0<=z<=l, 0.5 <=y+z<=l, and 
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1.8<=a<=2.2 " it is ~ especially the lithium-transition-metals multiple oxide expressed is desirable. 
[0009] The suitable percentage to the above-mentioned lithium-transition-metals multiple oxide of the 
above-mentioned sulfide, the above-mentioned selenide, or the above-mentioned telluride is 0.1-20-mol 
%. When this rate is less than [ 0.1 mol % ], a charge-and-discharge cycle property is not fully 
improved, but when this rate exceeds 20-mol % on the other hand, discharge capacity falls. 
[0010] The lithium-transition-metals multiple oxide which has the coat which consists of the sulfide in 
this invention, a selenide, or a telluride on a particle front face can be easily obtained by the solid phase 
technique which heat-treats the mixture of a predetermined rate with the sulfide of specific elements, 
such as for example, a lithium-transition-metals multiple oxide, and B, Na, Mg, a selenide, or a telluride 
at predetermined temperature (usually 400-800-degreeC) for about 10 to 20 hours. 
[001 1] The description of this invention is that it used what formed in the particle front face of a lithium- 
transition-metals multiple oxide the coat which consists of a sulfide, a specific selenide, or a specific 
telluride as positive active material. So, it is possible to use especially various ingredients which are 
conventionally proposed as an object for lithium secondary batteries, or are used about other members 
which constitute a cell, such as nonaqueous electrolyte containing a negative-electrode mgredient and an 
organic solvent, without a limit. 

[0012] For example, as a negative-electrode ingredient, occlusion and the matter which can be emitted, 
or a metal lithium can be electrochemically used for a lithium ion. a lithium ion — electrochemical — as 
occlusion and the matter which can be emitted - carbon materials, such as a graphite, corks, and an 
organic substance baking object, and LiNb 205 etc. - a metallic oxide and a lithium alloy (a lithium- 
aluminium alloy, a lithium-lead alloy, lithium-tin alloy) are illustrated. 

[0013] As an organic solvent of nonaqueous electrolyte, moreover, ethylene carbonate, vinylene 
carbonate, A high dielectric constant solvent, and these and diethyl carbonate, such as propylene 
carbonate, A mixed solvent with low-boiling point solvents, such as dimethyl carbonate, 1, 2- 
dimethoxyethane, 1, 2-diethoxy ethane, and ethoxy methoxyethane, as this solute LiPF6, LiC104, LiCF3 
SOS, LiN (CF3 S02)2, LiBF4, and LiAsF6 It is illustrated, respectively. In addition, a gel soUd 
electrolyte (false solid electrolyte) is also contained in the nonaqueous electrolyte containing the organic 
solvent in this invention. 
[0014] 

[Function] Since the coat which consists of a specific chalcogen ghost is formed in the particle front face 
of the lithium-transition-metals multiple oxide as positive active material and the surface activity is 
reduced, disassembly of the organic solvent (the organic solvent in nonaqueous electrolyte or organic 
solvent in a gel solid electrolyte) by the side of the positive electrode at the time of a charge-and- 
discharge cycle stops being able to happen easily. 
[0015] 

[Example] It is possible to change this invention suitably in the range which is not limited to the 
following example at all and does not change the summary, and to carry out hereafter, although this 
invention is further explained to a detail based on an example. 

[0016] (Example 1) The lithium secondary battery (this invention cell) of a flat mold was assembled. 
[0017] [Positive electrode] Li2 C03 Mn02 It mixed with the mortar by the mole ratio 1 :4, and heat- 
treated by 750-degreeC under the dry air ambient atmosphere for 20 hours, an Ishikawa style stone mill 
mortar ground, and LiMn 204 (positive active material) was obtained. 

[0018] Subsequently, this LiMn2 04 100-mol section and the TiSe2 ten-mol section are mixed, and it 
heat-treats by 650-degreeC for 10 hours, and is LiMn 204. It is TiSe2 to a particle front face. The coat 
was formed and positive active material was produced. LiMn 204 It is X-ray photoelectron 
spectroscopy (X-ray Photoelectron Spectroscopy) that the coat was formed in the particle front face. It 
checked (it checked by the approach with the same said of the following coats.). 
[0019] this positive active material, the acetylene black as an electric conduction agent, and the 
polyvinylidene fluoride as a binder — the weight ratio 90:6:4 - mixing ~ a positive electrode — a 
mixture — preparing — this positive electrode — a mixture — 2 t/cm2 After carrying out pressurization 
molding with molding pressure at discoid with a diameter of 20mm, it heat-treated by 250-degreeC for 2 
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hours, and the positive electrode was produced. 

[0020] [Negative electrode] The metal lithium rolled plate which has predetermined thickness was 
pierced to discoid with a diameter of 20mm, and the negative electrode was produced. 
[0021] [Nonaqueous electrolyte] Lithium perchlorate was melted at a rate of IM (a mol/liter) to the 
mixed solvent of the volume ratio 1 : 1 of propylene carbonate and 1 and 2-dimethoxyethane, and 
nonaqueous electrolyte was prepared to it. 

[0022] [Assembly of a cell] this invention cell BA 1 of a flat mold was assembled using the above 
positive electrode, negative electrode, and nonaqueous electrolyte (cell dimension : 3.0mm in the 
diameter of 24.0mm, thickness). In addition, as a separator, the fine porosity film made from 
polypropylene was used, and previous nonaqueous electrolyte was infiltrated into this. 
[0023] Drawing 1 is the sectional view showing the produced this invention cell BA 1 typically, and this 
invention cell BA 1 of illustration consists of the separator 3 which estranges mutually a positive 
electrode 1, a negative electrode 2, and these two electrodes 1 and 2, the positive-electrode can 4, the 
negative-electrode can 5, the positive-electrode charge collector 6, a negative-electrode charge collector 
7, insulating packing 8 made from polypropylene, etc. 

[0024] The positive electrode 1 and the negative electrode 2 are contained in the cell case where counter 
through the separator 3 which sank in and the forward negative-electrode cans 4 and 5 form nonaqueous 
electrolyte. Through the positive-electrode charge collector 6, with the positive-electrode can 4, a 
negative electrode 2 can be connected to the negative-electrode can 5 through the negative-electrode 
charge collector 7, and a positive electrode 1 can take out now the chemical energy produced inside the 
cell to the exterior as electrical energy again from the both-ends child of the positive-electrode can 4 and 
the negative-electrode can 5. 

[0025] (Example 2) LiMn 204 The mol section and the TiTe2 ten-mol section are mixed, and it heat- 
treats by 650-degreeC for 10 hours, and is LiMn 204. It is TiTe2 to a particle front face. The coat was 
formed and positive active material was produced, this invention cell BA 2 was assembled like the 
example 1 except having used this positive active material. 

[0026] (Example 3) The LiMn2 04 100-mol section and the TiS2 ten-mol section are mixed, and it heat- 
treats by 650-degreeC for 10 hours, and is LiMn 204. It is TiS2 to a particle fi-ont face. The coat was 
formed and positive active material was produced, this invention cell BA 3 was assembled like the 
example 1 except having used this positive active material. 

[0027] (Example 4) The LiMn2 04 100-mol section and the MoS2 ten-mol section are mixed, and it 
heat-treats by 650-degreeC for 10 hours, and is LiMn 204. It is MoS2 to a particle front face. The coat 
was formed and positive active material was produced, this invention cell BA 4 was assembled like the 
example 1 except having used this positive active material. 

[0028] (Example 5) the LiMn2 04 100-mol section, the MoS2 five-mol section, and the TiS2 five-mol 

section - mixing ~ 650-degreeC - 10 hours ~ heat-treating - LiMn 204 a particle fi-ont face ~ MoS2 

TiS2 from - the becoming coat was formed and positive active material was produced, this invention 

cell BA 5 was assembled like the example 1 except having used this positive active material. 

[0029] (Example 6) LiOH and nickel2 (OH) Co2 (OH) It mixed with the mortar by the mole ratio 2:1:1, 

and heat-treated by 750-degreeC under the dry air ambient atmosphere for 20 hours, an Ishikawa style 

stone mill mortar ground, and LiNiO.5 Co 0.5O2 (positive active material) was obtained. 

[0030] Subsequently, this LiNiO.5 CoO.5 02 100-mol section and the TiSe2 ten-mol section are mixed, 

and it heat-treats by 650-degreeC for 10 hours, and is LiNiO.5 Co 0.5O2. It is TiSe2 to a particle front 

face. The coat was formed and positive active material was produced, this invention cell BA 6 was 

assembled like the example 1 except having used this positive active material. 

[0031] (Example 7) The LiNiO.5 CoO.5 02 100-mol section and the TiTe2 ten-mol section are mixed, 

and it heat-treats by 650-degreeC for 10 hours, and is LiNiO.5 Co 0.5O2. It is TiTe2 to a particle front 

face. The coat was formed and positive active material was produced, this invention cell BA 7 was 

assembled like the example 1 except having used this positive active material. 

[0032] (Example 8) The LiNiO.5 CoO.5 02 100-mol section and the TiS2 ten-mol section are mixed, and 
it heat-treats by 650-degreeC for 10 hours, and is LiNiO.5 Co 0.5O2. The coat of TiS2 was formed in the 
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particle front face, and positive active material was produced, this invention cell BA 8 was assembled 
like the example 1 except having used this positive active material. 

[0033] (Example 9) The LiNiO.5 CoO.5 02 100-mol section and the MoS2 ten-mol section are mixed, 
and it heat-treats by 650-degreeC for 10 hours, and is LiNiO.5 Co 0.5O2. It is TiSe2 to a particle front 
face. The coat was fomied and positive active material was produced, this invention cell BA 9 was 
assembled like the example 1 except having used this positive active material. 
[0034] (Example 10) the LiNiO.5 CoO.5 02 100-mol section, the TiS2 five-mol section, and the MoS2 
five-mol section — mixing — 650-degreeC -r 10 hours - heat-treating - LiNiO.5 Co 0.5O2 a particle 
front face TiSe2 MoS2 from - the becoming coat was formed and positive active material was 
produced, this invention cell BA 10 was assembled like the example 1 except having used this positive 
active material. 

[0035] (Example 1 of a comparison) It is LiMn 204 as positive active material. The comparison cell BC 
1 was assembled like the example 1 except having used. 

[0036] (Example 2 of a comparison) It is LiNiO.5 Co 0.5O2 as positive active material. The comparison 
cell BC 2 was assembled like the example 1 except having used. 

[0037] [Charge-and-discharge cycle trial] about this invention cells BAl-BAlO and the comparison cell 
1 and BC 2 Charging current consistency 1 mA/cm2 Discharge current consistency 3 mA/cm2 after 
charging to 4.3 V The charge-and-discharge cycle trial which makes 1 cycle the process which 
discharges to 2.5V is performed. It asked for the rate of capacity degradation of the discharge capacity 
of the 150 cycle eye to the discharge capacity of 1 cycle eye [rate (%) of capacity degradation = 
{(discharge capacity of discharge capacity- 150 cycle eye of 1 cycle eye) discharge capacity of /I cycle 
eye} xlOO]. A result is shown in Table 1. 



[0038] 
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[0039] A particle front face understands that the rate of capacity degradation is small from Table 1 
compared with the comparison cells BCl and BC2 using the lithium-transition-metals multiple oxide 
which does not have a coat as positive active material for this invention cells BAl -BAl 0 using the 
lithium-transition-metals multiple oxide which has a specific coat on a particle front face as positive 
active material. Moreover, when a coat formation ingredient is the same, it is LiNiO.5 Co 0.5O2 as a 
lithium-transition-metals multiple oxide. Since especially the rate of capacity degradation of the used 
cell is small, it turns out that especially a Li-nickel-Co system multiple oxide is desirable. 
[0040] (Example 1 1) The LiNiO.5 CoO.5 02 100-mol section and the TiS2 0.05-mol section are mixed, 
and it heat-treats by 650-degreeC for 10 hours, and is LiNiO.5 Co 0.5O2. It is TiS2 to a particle front 
face. The coat was formed and positive active material was produced, this invention cell BA 1 1 was 
assembled like the example 1 except having used this positive active material. 
[0041] (Example 12) The LiNiO.5 CoO.5 02 100-mol section and the TiS2 0.1-mol section are mixed, 
and it heat-treats by 650-degreeC for 10 hours, and is LiNiO.5 Co 0.5O2. It is TiS2 to a particle front 
face. The coat was formed and positive active material was produced, this invention cell BA 12 was 
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assembled like the example 1 except having used this positive active material. 

[0042] (Example 13) The LiNiO.5 CoO.5 02 100-mol section and the TiS2 tv^o-mol section are mixed, 
and it heat-treats by 650-degreeC for 10 hours, and is LiNiO.5 Co 0.5O2. It is TiS2 to a particle front 
face. The coat was formed and positive active material was produced, this invention cell BA 13 was 
assembled like the example 1 except having used this positive active material. 
[0043] (Example 14) The LiNiO.5 CoO.5 02 100-mol section and the TiS2 20-mol section are mixed, 
and it heat-treats by 650-degreeC for 10 hours, and is LiNiO.5 Co 0,502. The coat of TiS2 was formed 
in the particle front face, and positive active material was produced, this invention cell BA 14 was 
assembled like the example 1 except having used this positive active material. 
[0044] (Example 15) The LiNiO.5 CoO.5 02 100-mol section and the TiS2 22-mol section are mixed, 
and it heat-treats by 650-degreeC for 10 hours, and is LiNiO.5 Co 0.5O2. The coat of TiS2 was formed 
in the particle front face, and positive active material was produced, this invention cell BA 15 was 
assembled like the example 1 except having used this positive active material. 

[0045] (Example 16) The LiMn2 04 100-mol section and the MoS2 0.05-mol section are mixed, and it 
heat-treats by 650-degreeC for 10 hours, and is LiMn 204. It is MoS2 to a particle front face. The coat 
was formed and positive active material was produced, this invention cell BA 16 was assembled like the 
example 1 except having used this positive active material. 

[0046] (Example 17) The LiMn2 04 100-mol section and the MoS2 0.1 -mol section are mixed, and it 
heat-treats by 650-degreeC for 10 hours, and is LiMn 204, It is MoS2 to a particle front face. The coat 
was formed and positive active material was produced, this invention cell BA 17 was assembled like the 
example 1 except having used this positive active material. 

[0047] (Example 18) The LiMn2 04 100-mol section and the MoS2 two-mol section are mixed, and it 
heat-treats by 650-degreeC for 10 hours, and is LiMn 204. It is MoS2 to a particle front face. The coat 
was formed and positive active material was produced, this invention cell BA 18 was assembled like the 
example 1 except having used this positive active material. 

[0048] (Example 19) The LiMn2 04 100-mol section and the MoS2 20-mol section are mixed, and it 
heat-treats by 650-degreeC for 10 hours, and is LiMn 204. It is MoS2 to a particle front face. The coat 
was formed and positive active material was produced, this invention cell BA 19 was assembled like the 
example 1 except having used this positive active material. 

[0049] (Example 20) The LiMn2 04 100-mol section and the MoS2 22-mol section are mixed, and it 
heat-treats by 650-degreeC for 10 hours, and is LiMn 204. It is MoS2 to a particle front face. The coat 
was formed and positive active material was produced, this invention cell BA 20 was assembled like the 
example 1 except having used this positive active material. 

[0050] [Charge-and-discharge cycle trial] The charge-and-discharge cycle trial of the conditions same 
about this invention cells BAl 1-BA20 as the point was performed, and it asked for the rate of capacity 
degradation of each cell. A result is shown in Table 2. 
[0051] 
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[0052] As shown in Table 2, the rate of capacity degradation of [ BA12-BA14 ] this invention cells 
BAl 1-BA15 is as small as especially 5% or less, and the rate of capacity degradation of [ BA17-BA19 ] 
this invention cells BA16-BA20 is as small as especially 15% or less. This shows that the 0.1-20-mol 
range of % is [ of the sulfide to a lithium-transition-metals multiple oxide, a selenide, or a telluride ] 
comparatively (average coverage) desirable. 

[0053] (Examples 21-46) The various ten mol sections of sulfides shown in the LiNiO.5 Co0,5 02 100- 
mol section and Table 3 are mixed, and it heat-treats by 650-degreeC for 10 hours, and is LiNiO.5 Co 
0.5O2. The coat which consists of each of those sulfides was formed in the particle front face, and 
positive active material was produced, this invention cells 21-BA 46 were assembled like the example 1 
except having used each of such positive active material. 

[0054] [Charge-and-discharge cycle trial] The charge-and-discharge cycle trial of the conditions same 
about this invention cells BA21-BA46 as the point was performed, and it asked for the rate of capacity 
degradation of each cell. A result is shown in Table 3. In addition, all over Table 3, the rate of capacity 
degradation of this invention cells B A8 and B A9 is also posted and shown from Table 1 . 
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[0056] As shown in Table 3, the rate of capacity degradation of BA8 and BA9 is as small as especially 
5% or less also among this invention cells. As a coat formation ingredient since the rate of capacity 
degradation of this invention cell BA 10 is as small as 4% as shown in this and Table 1, they are TiS2 
and MoS2. Or it turns out that especially such mixture is desirable. 
[0057] 

[Effect of the Invention] Since the lithium-transition-metals multiple oxide which has the coat which 
consists of a specific chalcogen ghost on a particle front face is used as positive active material, 
disassembly of an organic solvent cannot take place easily due to a positive-electrode side at the time of 
a charge-and-discharge cycle. For this reason, this invention cell is excellent in a charge-and-discharge 
cycle property. 
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[Translation done.] 



http://vmw4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 9/30/07 



